Background and objectives
Integrated Ocean Drilling Program (IODP) Site C0017 is located 1.6 km east of the hydrothermal vent sites in the central valley of Iheya North Knoll (see Fig. F3 in Expedition 331 Scientists, 2011a) . Based on the multichannel seismic (MCS) survey (see Figs. F5 and F6 in Expedition 331 Scientists, 2011a) , the uppermost 100 meters below seafloor (mbsf) probably consists of hemipelagic sediment. At ~100 mbsf, a strong seismic reflection is continuous from the hydrothermal vent sites at Site C0016 eastward through Sites C0013 and C0014. This reflection represents a potential interface between hemipelagic sediments and pyroclastic flow deposits. Below this reflection the subseafloor structure becomes obscure. Potential volcanic basement, however, may be identifiable at ~450 mbsf at Site C0017.
Heat flow measured in the sediments near Site C0017 is quite low (see Fig. F2 in Expedition 331 Scientists, 2011c). The surficial thermal gradient is one order of magnitude lower than the average thermal gradient of the nonhydrothermal, trough-filling sediments in the middle Okinawa Trough. This low heat flow anomaly strongly suggests that Site C0017 is located within a largescale local recharge zone. Heat flow data also indicate that there are areas with relatively high thermal gradients several hundreds of meters from Site C0017, suggesting that the local recharge/discharge boundary of the Iheya North hydrothermal system may be quite narrow in the east-west direction in the vicinity of Site C0017.
The scientific objectives for Site C0017 are to understand the potential discharge and recharge dynamics around the central valley of Iheya North Knoll and to clarify the interaction between subseafloor physical-chemical variations and microbial community structures and functions.
Hole C0017D
Hole C0017D was spudded on 27 September 2010, 5 m northeast of Hole C0017C. After washing and drilling down to 59.9 mbsf, skipping an interval of unrecoverable volcanic rubble, and recovering a failed ESCS coring attempt, Core 331-C0017D-1H was shot with the HPCS and recovered 9.5 m from a 9.2 m advance. Core 331-C0017D-2H was also shot with the HPCS, recovering 9 m from a 9.5 m advance. Core 331-C0017D-3H, however, recovered nothing from a 6.0 m advance, returning only a broken flapper and a cracked liner. Core 331-C0017D-4H likewise returned no sediment and had no advance, so we switched to the extended punch coring system (EPCS) to continue beyond 84.6 mbsf. With no recovery from a 9.5 m EPCS advance, we switched back to the ESCS, which returned 1.8 m from another advance of 9.5 m. As the formation seemed softer, we switched back to the HPCS and gained 100% recovery from an 8.5 m advance into sticky mud between 103.6 and 112.1 mbsf. Switching back to the EPCS returned only a few centimeters in the core catcher from a 9.5 m advance, so we went back to the ESCS. This change, surprisingly, gave us two good cores (331-C0017D-9X and 10X) with 107.8% and 68.4% recovery, respectively. However, during retrieval of Core 331-C0017D-11X, the sinker bar broke, leaving Core 11X in the hole at 149.6 mbsf. Fishing for Core 11X was unsuccessful because we did not have a tool onboard that would fit. The core was retrieved via a pipe trip, returning 4.8 m of core (50.5% of a 9.5 m advance) from a depth of 140.1-149.6 mbsf.
After pulling out, Hole C0017D was reentered unguided on the night of 28 September, and Core 331-C0017D-12H was taken on the morning of 29 September. This final shot penetrated 1 m to 150.6 mbsf but retrieved only a little gravel in the core catcher. The main reason for attempting the reentry and last core, however, was to get a temperature reading from either the advanced piston corer temperature tool (APCT3) shoe or one of the thermoseal strips taped to the inner barrel. The thermoseal strips returned a temperature measurement of 90° ± 5°C (three replicate strips), so Site C0017 ended very successfully at 150.6 mbsf with Core 331-C0017D-12H.
Lithostratigraphy
Site C0017 consists mainly of hemipelagic homogeneous mud, pumiceous sediment, and volcaniclasticpumiceous mixed sand, without the obvious hydrothermal alteration seen at previous sites. Based on sediment character and structure, major mineral composition, and the occurrence of microfossils, sediments recovered from the four holes drilled (Holes C0017A, C0017B, C0017C, and C0017D) consist of three main sediment types: hemipelagic mud, coarse angular pumiceous gravel, and volcanic sands with erosional bases. These sediments and lithologies are similar to those of Unit I encountered at Sites C0014 and C0015. However, the unaltered sedimentary sequence drilled at Site C0017 is much more vertically extensive, and subdivision may be drawn on the basis of the relative predominance of hemipelagic mud or volcaniclastic sediments. This divides the stratigraphy at Site C0017 into four units ( Fig.  F2 ; Table T2 ). An upper unit (Unit I), dominantly composed of hemipelagic mud from 0 to 18.5 mbsf, is underlain by two units dominated by pumiceous gravel from 19.1 to 36.2 mbsf (Unit II) and 61.1 to 78.8 mbsf (Unit III). The interval from 36.1 to 61.1 mbsf was not cored, so it was not possible to group Unit II and Unit III as a single unit, despite the strong sedimentological similarity between them. Additionally, no core was recovered in the interval from 78.8 to 94.3 mbsf. The deepest portion of the cored interval, from 94.3 to 144.7 mbsf (Unit IV) is dominated by hemipelagic mud. The thicknesses of individual beds of mud and gravel at Site C0017 are significantly greater than those at Site C0014, consistent with Site C0017's location on the downthrown side of a normal fault.
Sediment types at Site C0017
There is little apparent systematic vertical variation in sediment types at Site C0017. Unless stated otherwise, the following description of sediment types applies to all four lithostratigraphic units at the site.
Hemipelagic mud
Hemipelagic mud is the dominant sediment type in Unit I (0 to ~18.5 mbsf) and Unit IV (~94 to ~145 mbsf) but also occurs in Units II and III (Fig. F2) . This mud is primarily composed of hemipelagic homogeneous silty clay or clayey silt, with widely distributed foraminifers and occasional lenticular pumiceous sand patches, gravels, and mud clasts. The grayish olive to dark olive-gray color and uniformity of the mud make it easy to recognize. Foraminifers are mostly fresh and intact and are only rarely reworked, reflecting an autochthonous source. They should be useful for postcruise research that aims to establish the late Quaternary chronostratigraphy in this area and to reconstruct paleoenvironments. The relatively uniform, homogeneous, and structureless mud in the upper 18.5 m of sediments in Holes C0017A and C0017B (Unit I) reflects a typical hemipelagic depositional environment.
In contrast, Unit IV (Cores 331-C0017D-6X, 7H, 9X, 10X, and 11X; ~94.3 to ~144.7 mbsf) comprises laminated and interbedded clay and silt and very fine sand, with homogeneous clay predominant. Layers of silt and very fine sand (1-5 cm thickness) commonly form upward-fining sequences and possess erosional bases that create sharp contacts with the underlying homogeneous dark gray clay ( Fig. F3) . From X-ray diffraction (XRD) analyses (Table T3) , the mineralogy of these silty and fine sandy layers is dominated by probably locally derived volcanic glass, quartz, and feldspar. Along with calcite, muscovite, chlorite, and dolomite, they are also the main components of the overlying and underlying homogeneous clay. These coarser grained layers are probably formed primarily by volcanic eruption and episodic gravity flows related to volcanic and seismic activity.
Pumiceous gravel and lithoclast-rich horizons
The pumiceous gravel and lithoclast-rich horizons sediment type consists of poorly sorted pumiceous sediments dominated by coarse-grained angular woody pumiceous gravels ( Fig. F4) . It generally has a gradational contact with finer overlying pelagic or volcaniclastic sediments but mostly sharp contacts with the underlying sediments. Pumiceous gravels predominate in Unit II (19.1-36.2 mbsf) and Unit III (61.1-78.8 mbsf) but are also found within Units I and IV. This sediment type shares similar characteristics and major mineral compositions with pumiceous sediments encountered at Site C0014, and especially Site C0015.
The pumice encountered at Site C0017 can be divided into two types: one fresh and white-gray to greenish and the other oxidized and stained yellow to brown. It has similar appearance and bulk mineralogy to that found at Site C0014. Oxidized pumice is abundant between ~26 and 35 mbsf in Hole C0017C. Occasionally, the greenish pumice gravels and clasts ( Fig. F3) , which are inferred to contain glauconite (Weigland et al., 2003) , are mixed with oxidized fragments, which are softer and more fragile than the fresh pumice and easily broken during visual examination. The significance of the oxidized pumice is discussed in more detail in "Petrology."
Volcaniclastic and pumiceous mixed sand
Gray to black, fine to coarse sand and gravels with a mixture of volcaniclastic and pumiceous components are irregularly distributed throughout all four units at C0017 (Fig. F2) . A number of individual beds show clear normal and, in one case, inverse graded bedding, generally varying from coarse sand to coarse silt. The thickness of graded beds varies from <10 cm to 0.95 m.
Volcaniclastic and pumiceous sand beds generally have sharp contacts with underlying layers but gradational contacts with overlying units, indicating a waning sediment supply. This observation is consistent with deposition from a gravity flow, probably resulting from episodic volcanic and seismic activity within and around the area, coupled with the instability of volcanic flanks in this region. The bulk mineralogy of these sediments is volcanic glass, anorthite, quartz, albite, muscovite, and trace amounts of microline and augite, based on microscopic and XRD examinations ( Table T3) . Shards of volcanic glass are usually brown and yellow-brown and are poorly sorted, ranging in size from coarse sand to pebbles as large as 1.2 cm in diameter. Vesicular structure is well
Expedition 331 Scientists

Site C0017
Proc. IODP | Volume 331 4 developed on the surface of the volcanic glass shards, and pores are somewhat elongate and filled with diagenetic white minerals.
Biostratigraphy
Core catcher samples from Site C0017 yielded two zones with microfossils, a shallow one from ~9 to 28 mbsf and a deeper one from ~112 to 145 mbsf ( Table  T4 ). The upper layer consists of pumice and microfossils, which are most abundant in the deeper half of this interval (at ~18.5 and 27.2 mbsf). These two samples each possess a large fraction of <63 µm material. Foraminiferal diversity and abundance are generally consistent with surface samples from a similar pumice-foraminifer layer at Site C0014, suggesting it is a modern assemblage. Examination of wet mounts of the <63 µm material using phase contrast microscopy ± cross-polarized light revealed good preservation of coccoliths. The assemblage was dominated by Emiliania huxleyi, Gephyrocapsa oceanica, and Reticulofenestra asanoi, highlighting a modern origin (Raffi et al., 2006; Winter and Siesser, 1994) . Transport of coccoliths into the upper microfossil zone was facilitated, in part, by fecal pellets (Fig. F5) . Fecal pellets and abundant centric diatoms are notable in the sample from 10.6 mbsf.
Drilling continued through a pumice-rich layer from which core recovery was poor (Table T4 ) before entering a second interval characterized by microfossils (~112-138 mbsf). This deeper zone of microfossils is also characterized by a large fraction of <63 µm material. Coccoliths at these depths (E. huxleyi and R. asanoi) are poorly preserved and much less abundant (<10%) than they are in the upper layer (8-28 mbsf). Foraminiferal abundances in this layer are also lower than in the upper, modern zone; however, there is a larger proportion (as high as 11%) of benthic foramininfers in the 125 mbsf region. The large proportion of benthic foraminifers suggests the site was more favorable to benthic species in the past than it is today (i.e., hydrothermal activity may have increased at the site).
As at Site C0014, foraminifers observed in both of these layers (~8-28 and 112-138 mbsf) are dominated by planktonic species (Table T5 ), suggesting a large input of planktonic foraminifers and/or that Site C0017 is a poor habitat for benthic foraminifers (Saidova, 2007) , perhaps because it is still too close to the hydrothermal system. Though some fragmentation has occurred, foraminiferal preservation is generally good, with little or no evidence for dissolution and/or overgrowth; diagnostic characteristics are preserved, and many species can be identified. As at Site C0014, the abundance of Neogloboquadrina pachyderma dextral relative to the sinistrally coiled subspecies demonstrates the influence of warmer waters, presumably from the Kuroshio Current (Bandy, 1960; Ericson, 1959) . Some foraminifers from 112 mbsf are pyritized (not shown), consistent with previous reports describing infilling of foraminiferal tests (Kohn et al., 1998) . It should be noted that these foraminifers are poorly preserved compared with those at Site C0014 (see Figs. F11 and F12 in Expedition 331 Scientists, 2011d).
Petrology
Site C0017, which was one of the contingency sites for Expedition 331, targeted a potential recharge zone ~1.5 km east of the principal hydrothermal field at Iheya North Knoll. Four holes were drilled within a 10 m radius ( Fig. F1) at Site C0017, where the intervals from 0.0 to 37.3 mbsf (Holes C0017A-C0017C) and 60 to 150.7 mbsf (Hole C0017D) were cored. The four holes are considered to represent a single drilled section for purposes of petrological interpretation.
Hydrothermal alteration
The sequence drilled at Site C0017 comprises calcareous clay, volcaniclastic and foraminiferal silt and sand, and pumiceous grit and gravel (see "Lithostratigraphy"). With the exception of two intervals discussed below and the weak scattered development of green staining of pumice fragments in the upper parts of the sequence (interpreted as glauconitic "greensand," although glauconite was not identified by XRD), the extensive hydrothermal alteration seen at Sites C0013 and C0014 is almost absent in the drilled interval at Site C0017.
In Hole C0017C, the interval from ~26 to 35 mbsf (Sections 331-C0017-1H-6 through 2H-6) shows weak to moderate oxidation, similar in nature but more intense than that seen at Site C0015. Oxidation is expressed as yellow to brown coloration of clay, silt, and sand, the development of orange to brown iron oxide staining on pumice fragments (Fig.  F6) , and the occurrence of 1-2 mm orange-brown botryoidal aggregates of Fe-Si oxyhydroxides. XRD analyses of samples from this interval show similar mineral assemblages to those that were identified for unaltered material from the site (see below), with the exception that primary igneous feldspar is absent in some samples. It is likely that some degree of feldspar destruction accompanies the oxidation of the pumice. Geochemical results (see "Geochemistry") indicate that this zone of oxidation within the otherwise reduced sedimentary sequence is the result of an influx of seawater at this depth, potentially repre-
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The only other visual evidence of hydrothermal alteration at Site C0017 was seen in Core 331-C0017D-11X (140.2-149.7 mbsf), the deepest core from the site, which shows development of pale gray clay alteration of more permeable pumiceous grit horizons, intercalated with apparently unaltered indurated dark gray calcareous clay ( Fig. F7) . XRD analyses of this altered material (Table T3 ) identify the same quartz-glass ± anorthite assemblage as for unaltered pumiceous horizons (consistent with the visual observation that much of the pumice retains its original texture and mineralogy), with the addition of sylvite and halite in one sample (see "Mineralogy and pore fluid chemistry," below).
The remaining sequence drilled at Site C0017 shows no visual evidence of alteration, with routine XRD identifying those phases that would be expected for a sequence of calcareous and volcaniclastic marine sediments, namely calcite, dolomite (discussed in "Mineralogy and pore fluid chemistry," below), quartz, feldspar, muscovite, chlorite, and volcanic glass ( Table T3 ). Halite is also commonly detected using XRD in samples from below ~25 mbsf, but it is possible that this may be due to seawater contamination from drilling.
Sulfide mineralization
When compared with Sites C0013 and C0014, the drilled interval at Site C0017 is notable for the absence of sulfide mineralization at shallow depth. Pyrite was only observed consistently at depths below 94 mbsf in Hole C0017D. In these deeper portions of the sequence, pyrite occurs in trace quantities as very fine grained disseminations and as rare scattered 1-3 mm aggregates with quartz and occasional discontinuous millimeter-scale bands or veins within indurated clay sediment.
Mineralogy and pore fluid chemistry
Site C0017 is the only location cored during Expedition 331 where dolomite is present in sediments (it also occurs in anhydrite nodules at Site C0013). At Site C0017, the occurrence of dolomite is limited to two discrete depth intervals (Table T3) : ~10-20 mbsf in Holes C0017B and C0017C and ~110-140 mbsf in Hole C0017D. These intervals correlate well with intervals of low-Mg, high-alkalinity pore fluids (Figs. F8, F9; see "Geochemistry").
The detection of the evaporitic minerals sylvite (KCl) and halite at ~143 mbsf in Sample 331-C0017D-11X-3, 27-29 cm, also correlates well with the pore water chemistry, corresponding to a sharp increase in dis-solved K at that depth ( Fig. F8 ; see "Geochemistry").
Geochemistry
Interstitial water
A total of 21 whole-round samples were processed at Site C0017 from four different holes (Table T6) . Many samples were collected immediately above or below whole rounds dedicated for microbiology; however, there were more whole rounds collected for interstitial water analyses than for microbiology at this site. We squeezed whole rounds at the laboratory temperature of ~20°C rather than at in situ temperature. More than half of the samples are from Hole C0017D, from 63 to 141 mbsf.
Major and minor cations and anions
Na concentrations ( Fig. F8 ) are nearly constant with depth, whereas Cl ( Fig. F10 ) increases, yielding a small decrease in Na/Cl in Hole C0017D relative to the shallower holes. Potassium is generally above seawater concentrations in the uppermost 10-20 mbsf, probably because of irreversible ion exchange with clays, but it decreases to below seawater values below ~70 mbsf and then increases again to seawater concentration in the bottommost 10 m of Hole C0017D. The decrease likely results from uptake into alteration minerals at low temperature, but the increase requires a source of potassium near the bottom of the hole. One possible source is dissolution of sylvite (KCl), which was reported in the core at 143 mbsf (see "Mineralogy and pore fluid chemistry").
A second possible source is lateral incursion of a Krich solution at this depth, which could be either seawater or a high-temperature hydrothermal solution. Seawater incursion would increase K but would also increase Mg and lower Ca, and neither of these changes is observed; a hydrothermal solution therefore seems more likely. Enrichments in Ca at depth are consistent with sediment alteration and release of Ca to the pore water. Mg is slightly depleted in both the upper and lower 20 m of the hole. These slight depletions coincide with the presence of dolomite in the corresponding intervals, at 10-20 and 110-140 mbsf ( Table T3) . Distributions of B, Li, and Sr are likewise consistent with low-temperature weathering deep in the sequence (Fig. F11) . Like K, Li is higher than in seawater within the uppermost 20 mbsf.
Sulfate, alkalinity, ammonium, phosphate, and silicon
Sulfate displays a minimum concentration at 15 mbsf ( Fig. F10 ) that roughly coincides with maxima in alkalinity, ammonium, phosphate, and Si at 11-
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Proc. IODP | Volume 331 6 15 mbsf ( Fig. F9 ) and likely results from sulfate reduction coupled with oxidation of organic matter in the sediments. Sulfate increases again to slightly in excess of seawater concentration below 15 mbsf and is roughly uniform at greater depth, with some scatter. As interpreted in "Petrology," the increase in sulfate at ~25 mbsf, along with the accompanying decreases in alkalinity, ammonium, phosphate, manganese, and silicon, almost certainly results from lateral intrusion of unaltered ocean bottom water into the sediment at ~30 mbsf. Below this zone of seawater intrusion, phosphate remains low. Alkalinity exhibits some structure below 50 mbsf, increasing significantly below ~75 mbsf, probably because of low-temperature alteration reactions. Silica generally decreases with depth, suggesting some uptake into authigenic minerals and/or a second deep zone of seawater recharge. This constituent scatters about concentrations that are lower than those found at Sites C0013 and C0014 ( Fig. F9 ).
Summary
The uppermost 25-35 m at Site C0017 is characterized by organic matter diagenesis in the upper half and intrusion of seawater in the lower half. Below 50 mbsf, this site is characterized by low-temperature alteration reactions and considerable scatter in the pore water data, probably resulting from interaction between chemical and hydrologic processes. The shape of the temperature profile indicates overall downwelling at Site C0017, with irregularities suggestive of nonsteady-state processes including lateral flow. The temperature gradient increases from 70 to 80 mbsf, becomes nearly flat at 85-110 mbsf, and increases again to 90°C at the bottom of the hole (see "Physical properties"), suggesting a complex three-dimensional hydrologic regime on which are superimposed the effects of temperature-dependent water-rock reactions.
Headspace gas analysis
Methane concentrations ( Fig. F12) are quite low, mostly <1 µM. The highest values are near the bottom of the deepest Hole C0017D, where a mean value of 1.8 µM was found between 112 and 141 mbsf. The highest concentration is 3.4 µM at 112 mbsf. Methane measured in safety gas (Table T7 ) and science gas samples (Table T8) shows similar trends, but science gas analyses had a higher detection limit because the gas chromatograph used shows a large nitrogen peak near the methane peak. Science gas samples are thus mostly below detection, except for samples at ~137 mbsf, which show 1-2 µM methane. We conclude that methanogensis is not a robust metabolism at Site C0017. The small concentration of methane in pore water from deep horizons (112-137 mbsf) may be hydrothermal in origin or it may result from methanogenesis occurring deep at this site.
Hydrogen was not observed except for small peaks at six horizons scattered down the sediment column (Table T8 ).
Sediment carbon, nitrogen, and sulfur composition
Calcium carbonate (CaCO 3 ) content calculated from inorganic carbon concentration ranges from 44.77 wt% to below the detection limit (<0.001 wt%) ( Table  T9 ; Fig. F13 ). High concentrations (>5 wt%) were observed at depths above 25 mbsf, where the sediment is mostly hemipelagic clay containing foraminiferal shells (see "Lithostratigraphy"). The highest CaCO 3 contents (>40 wt%) were observed in calcareous sand and sandy clay layers, which contain a large amount of foraminiferal shells. CaCO 3 contents are low at 25-80 mbsf, where the sediment is mostly pumiceous gravel. CaCO 3 averages 6 wt% below 95 mbsf, where the sediment is hemipelagic clay with sandy layers, the same lithology as that within the uppermost 25 m.
Total organic carbon (TOC) content ranges from 0.01 to 0.96 wt% ( Fig. F14) . High concentrations (>0.5 wt%) were observed at depths above 25 mbsf, although layers of volcaniclastic sand within this depth interval have low concentrations (0.1 to ~0.3 wt%). TOC content is generally low (<0.1 wt%) in pumiceous sediments between 25 and 80 mbsf. Below 95 mbsf, it averages 0.3 wt%. Total nitrogen (TN) ranges from below the detection limit (<0.001 wt%) to 0.11 wt%. TN is higher in the hemipelagic sediment at 0-25 and below 95 mbsf than it is in pumiceous sediments between 25 and 95 mbsf. The ratio of TOC to TN (C/N) in hemipelagic sediments is generally larger than the Redfield ratio of 6.6, indicating an organic origin for nitrogen. Values smaller than the Redfield ratio, especially in pumiceous sediments, indicate that some portion of TN is inorganic.
Total sulfur (TS) content ranges from 0.03 to 0.7 wt%. TS is generally low (<0.2 wt%) in the pumiceous sediment between 25 and 80 mbsf. Total sulfur is lower at Site C0017 than at Sites C0013, C0014, and C0016, where significant amounts of hydrothermal sulfide and sulfate were observed.
Microbiology Total prokaryotic cell counts
The abundance of microbial cells in subseafloor sediments at Site C0017 was evaluated by fluorescent microscopy using SYBR Green I as a fluorochrome dye.
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Maximum cell numbers were observed at 6.36 mbsf (3.2 × 10 7 cells/mL), and cell numbers range from 2.4 × 10 7 to 3.2 × 10 7 cells/mL at depths above 10.8 mbsf. Microbial cell counts irregularly decrease with depth ( Fig. F15 ; Table T10 ). Below 50 mbsf, cell counts decrease to less than the limit of detection of 1 × 10 6 to 4 × 10 6 cells/mL.
Cultivation of thermophiles
Growth of Thermococcales (e.g., Thermococcus) at 80°C and Aquificales (e.g., Persephonella) and thermophilic Epsilonproteobacteria (e.g., Nitratiruptor) at 55°C was examined for cores from a high-temperature zone below 94.7 mbsf. No growth of thermophiles was observed on board.
Contamination tests
Fluorescent microspheres and perfluorocarbon tracer (PFT) were used to test for contamination (Tables  T11, T12 ). The PFT test suggests that even in sediment layers containing large amounts of pumice, contamination by drilling fluid was quite low. This was the case even at the outer surface of the core and even with larger grain sizes, which have the greatest risk of contamination. We found evidence for contamination by drilling fluid in the interior of cores obtained from Hole C0017D by the ESCS, but detected PFT concentrations were much lower than those in the drilling mud fluid collected from the onboard tank and that adhering to the massive sulfide of Site C0016 (Table T12 ; see Table T8 in Expedition 331 Scientists, 2011b, and Table T6 in Expedition 331 Scientists, 2011f).
Cultivation of iron-oxidizing bacteria
The depth interval from ~26 to 35 mbsf at Site C0017 probably represents a zone of recharge flow in this hydrothermal system, as suggested by the temperature and pore water chemistry profiles (see "Petrology" and "Geochemistry"). It looks to be heavily oxidized, by either biotic or abiotic means. The interaction of infiltrating cold seawater with the surrounding reduced layers would produce a redox boundary that can be utilized by many microorganisms, including iron-oxidizing bacteria. For this reason we targeted this oxidized interval for FeOB cultivation experiments (Table T13) . Samples 331-C0017C-1H-7, 1 cm, and 1H-7, 2 cm, are two subsamples from the same whole round, but the latter is more rust-colored and appears to be more oxidized.
After 4.5 days of growth, samples from the top of this depth interval, in a section of iron oxide-stained pumice fragments at 26.26-28.45 mbsf, showed significant growth in artificial seawater (ASW) media A (microaerophilic). The preference of these microbes for a microaerophilic environment agrees with the identification of this layer as a zone of recharge flow (oxygenated seawater). Above this layer, outside of the oxidized zone, little to no growth of FeOB was observed. Below this layer, where the sediments transition from yellow-to-brown clay, silt, and sand (see "Petrology"), there was also no growth, suggesting a FeOB preference for growth where there is less finegrained material.
Observations of putative FeOB cellular morphology were similar to those from other sites from Expedition 331. These include ~1.5 µm rod-shaped cells associated with small particles (Fig. F16A, F16B, F16E , F16F) in addition to large aggregates of cells colonizing larger particles (possibly iron oxides; Fig. F16G,  F16H) . Of particular importance are the two cells localized on the end of a stalklike structure ( Fig. F16C,  F16D) . Though difficult to see because of the angle of observation, moving up and down through the plane of focus showed that these cells were on opposite sides of a stalk jutting out of the top of the larger particle. This is the first observation of a putative bifurcated iron oxide twisted stalk with attached cells in any of the incubations viewed during the expedition.
Contamination tests from Site C0017 (Tables T11,  T12 ) reveal that all samples that showed growth also exhibited some level of contamination. For Section 331-C0017C-1H-7, contamination was below detection after counting 100 fields, though a single bead was seen upon cursory examination. This may be due to a cracked core liner for that section allowing washout to have occurred. Section 331-C0017C-1H-6 was taken after this core was split and was not tested for contamination, though it came from an intact internal location within the core. Overall, caution must still be exercised when considering whether these Site C0017 enrichments represent FeOB originating from in situ locations.
In an attempt to test whether biotic iron oxidation was occurring in situ at depth, the original sample used to inoculate the enrichment for Section 331-C0017C-1H-7 was dried and imaged using the scanning electron microscope (SEM) and analyzed with energy dispersive spectrometry (EDS) to test for the presence of putative iron oxide filaments of biotic origin. As the doubling time for FeOB is ~12 h (Emerson et al., 2007) , these filaments would not have had time to form as the core was brought on deck. SEM results show a number of patches of iron and iron oxide filaments, many located within protected cavities of pumice fragments. Photos were taken of filaments within these cavities (Fig. F17A, F17B) , which may explain the lack of a significant oxygen peak in Expedition 331 Scientists
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Proc. IODP | Volume 331 8 the EDS spectrum. Figure F17C is the only EDS spectrum that has a significant oxygen peak; however, because of the low ratio of oxygen to iron, an iron oxyhydroxide (FeOOH) filament is improbable as compared to other marine FeOB (Emerson and Moyer, 2002; Emerson et al., 2007) . Though it is possible that all three of these iron/iron oxide filament patches are of biotic origin, this evidence is not conclusive. Further testing must be conducted onshore.
Conclusions
Site C0017 is located in a probable seawater recharge area in the Iheya North field. Significant impacts of hydrothermal fluids were not observed in geochemical profiles and sediment alteration, except for localized oxidation (see "Geochemistry" and "Lithostratigraphy"). The temperature at the bottom of the deepest Hole C0017D at 151 mbsf is 90°C. We have thus had an opportunity to observe subseafloor microbial communities likely supported by buried organic matter, over a considerable range of temperature.
Relatively low microbial abundance compared with previous Ocean Drilling Program/IODP sites on continental margins (Parkes et al., 1994 (Parkes et al., , 2000 D'Hondt et al., 2004) was seen at Site C0017 (as many as 3.2 × 10 7 cells/mL), as was also the case at Site C0015 (as many as 1.2 × 10 7 cells/mL). Cell abundance at Site C0017 may also be depressed as a result of the generally low levels of organic carbon available in the subseafloor sediments around the Iheya North field (see "Microbiology" and "Geochemistry," both in Expedition 331 Scientists, 2011e). At Site C0017, effects of lithology on cell abundance were again observed, as at Site C0015, where a relatively abundant microbial biomass was observed in samples with pumiceous sands and gravels. (Compare, for example, cell counts in the pumiceous sample from 10.8 mbsf in Hole C0017B with that in the hemipelagic mud sample from 14.8 mbsf) ( Table T10 ). As is usually the case (Parkes et al., 1994 (Parkes et al., , 2000 , the subseafloor microbial abundance generally decreases with depth ( Fig. F15) . Lithostratigraphy at Site C0017 consists of diverse units such as hemipelagic mud and clay, pumiceous sediment, and volcaniclastic-pumiceous mixed sand (see "Lithostratigraphy"). Cell abundances are strongly influenced by this lithological variation and its effect on porosity and pore space size, as seen in previous studies (Schmidt et al., 1998; Zhang et al., 1998; Parkes et al., 2000; Inagaki et al., 2003; Rebata-Landa and Santamarina, 2006) , as well as by geochemical constraints imposed by seawater recharge.
Though contamination cannot be ruled out, enrichment experiments represent the deepest successful FeOB enrichments to date in a marine environment and could lend insight into the colonization of lowtemperature hydrothermal systems via recharge zone flow.
Physical properties
Physical property measurements were made at Site C0017 to nondestructively characterize lithological units and states of sediment consolidation. In the following discussion, the four holes at Site C0017 (Holes C0017A, C0017B, C0017C, and C0017D) are treated as one continuous depth profile.
Density and porosity
Bulk density at Site C0017 was determined from both gamma ray attenuation (GRA) measurements on whole cores (with the multisensor core logger for whole-round samples [MSCL-W]) and moisture and density (MAD) measurements on discrete samples (see "Physical properties" in Expedition 331 Scientists, 2011b). A total of 70 discrete samples were analyzed for MAD (7, 9, 14 , and 40 from Holes C0017A, C0017B, C0017C, and C0017D, respectively). Wet bulk density is roughly constant with depth to ~20 mbsf (Holes C0017A and C0017B) ( Fig. F18 ; Table  T14 ), as determined by both MAD and GRA, although the latter values are generally lower than the former and exhibit more scatter than previous sites. The average bulk density in Holes C0017A and C0017B is ~1.59 g/cm 3 . Between 20 and 60 mbsf (Hole C0017C), bulk density decreases somewhat from ~1.7 to 1.3 g/cm 3 . In Hole C0017D, bulk density is relatively constant from 60 to 80 mbsf (~1.5 g/cm 3 ) and then increases to ~1.9 g/cm 3 between 80 and 147 mbsf.
Grain density was calculated from discrete MAD measurements and is also approximately constant (2.6 ± 0.2 g/cm 3 ) between 0 and 80 mbsf (data not shown). Grain density is slightly lower than average in the depth range from ~30 to 80 mbsf.
Porosity was calculated from MAD measurements. It is generally quite high (~60%) and mirrors patterns of bulk density. It is relatively constant in Holes C0017A and C0017B; it increases somewhat between 20 and ~80 mbsf (Hole C0017C and the upper part of Hole C0017D) and then decreases steadily toward values between 20% and 30% at the bottom of Hole C0017D (~147 mbsf) ( Fig. F19 ; Table T14 ).
Density and porosity results from the four holes at Site C0017 reflect the basic lithology of the hole. In the uppermost 20 m, sediments are predominantly clays with some sand and pumice; between 20 and 80 mbsf is a higher incidence of pumice and corre-
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Proc. IODP | Volume 331 9 spondingly lower bulk density. From 95 to 145 mbsf, sediments are again dominated by clays and the density increases. At finer scales in the clay-dominated sections, GRA-derived density and MSCL-derived Pwave velocities exhibit small changes that reflect changes from finer grained clays to somewhat coarser grained silty clays (see "P-wave velocity and anisotropy measurements").
Electrical resistivity (formation factor)
Formation factor is a measure of the connected pore space within sediment and is used to calculate the bulk sediment diffusion coefficient. Electrical impedance measurements were made at 87 depths (13, 14, 13, and 47 measurements in Holes C0017B, C0017C, C0017D, and C0017E, respectively). Formation factors calculated for Hole C0017 are near 3 in the uppermost 30 mbsf (Holes C0017A and C0017B); values increase with depth and are generally betweeñ 5 and 8 ( Fig. F20) . Several peaks in formation factor generally occur where sediment water content is lower (bulk density is higher), but the peaks are not clearly related to any lithostratigraphic control and may be measurement artifacts.
P-wave velocity and anisotropy measurements
P-wave velocity and relative anisotropy were measured on discrete samples indurated enough to cut sample polyhedrons. This was rarely the case. MSCLderived P-wave velocities generally increase with depth in the core as sediments become more compacted ( Fig. F21) . It is not always clear from the lithology what causes some of the larger peaks in Pwave velocity; however, small-scale variations often correlate with changes in grain size and density.
Thermal conductivity
Thermal conductivity was measured on whole-round cores. A total of 88 measurements were made (13, 15, 14, and 46 measurements from Holes C0017A, C0017B, C0017C, and C0017D, respectively). Average thermal conductivity in Holes C0017A and C0017B is ~1 W/(m·K). Between 20 and 60 mbsf (Hole C0017C), thermal conductivity decreases somewhat sharply from ~1 to 0.3 W/(m·K). In Hole C0017D it increases from ~0.5 W/(m·K) at 65 mbsf to 1.5 W/(m·K) between 120 and 140 mbsf (Fig. F22) .
Average thermal conductivity for all four holes is 1.09 ± 0.3 W/(m·K). Thermal conductivity is loosely and inversely correlated with porosity. As porosity decreases, thermal conductivity increases as water is forced from void spaces, because the thermal conductivity of grains is greater than that of water.
In situ temperature
In situ temperature was measured using the APCT3 (six of eight measurements were successful, at 18-112 mbsf) and thermoseal strips (one measurement at 151 mbsf) ( Table T15 ; Fig. F23) . For the APTC3, all temperature-time series were recorded at 1 s intervals. The APCT3 stopped at the mudline for as long as 10 min prior to each penetration, yielding eight measurements of bottom water temperature that averaged 4.87° ± 0.51°C (1σ). This range indicates that strong bottom water temperature variation exists, spatially, temporally, or both. Temperature-time series for each measurement are shown in Figure F24 . Temperature records show significant frictional heating as the coring shoe penetrated the sediment, followed by subsequent temperature decay toward the in situ value. For most of the measurements, the probe was kept in the sediment for >5 min, allowing accurate extrapolation to equilibrium formation temperature based on a 1/time approximation (Table  T15 ). Most measurements exhibit good penetration heating and initial decay curves, with two exceptions: Core 331-C0017D-4H at 84.7 mbsf, which did not have good penetration, and Core 12H at 150.7 mbsf, where recorded temperatures are greater than the calibrated maximum temperature for the APCT3 tool (55°C). Mathematical fits to the temperaturetime series are also good and yield the equilibrium formation temperatures that are plotted versus depth in Figure F23 . The deepest measurement at 150.7 mbsf was determined from three replicate thermoseal strips, with beads calibrated to blacken when exposed to temperatures of 75°, 80°, 85°, 90°, and 95°C. The first four beads were blackened on two of the strips, indicating exposure to a temperature between 90° and 95°C, and the first three beads were blackened on the third strip indicating a temperature between 85° and 90°C. We report this temperature somewhat conservatively as 90° ± 5°C.
Temperature and thermal conductivity at Site C0017 vary from one lithological unit to another (Fig. F24) . Three broad units can be defined: from the top to 60 mbsf (Unit I), from 60 to 100 mbsf (Unit II), and from 100 mbsf to the bottom (Unit III). These correspond roughly with the upper clay layers, the middle pumice-rich layers, and the hard, indurated clay layers defined by the MAD data and the lithostratigraphy results.
Heat flow
If heat transfer proceeds via conduction and heat flow is constant, the thermal gradient is inversely proportional to thermal conductivity according to Fourier's law (Expedition 331 Scientists, 2011b).
Heat flow was estimated using the mean thermal Expedition 331 Scientists
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MSCL-I and MSCL-C imaging
MSCL-derived core images and color analyses are presented in the visual core descriptions (VCDs).
MSCL-W derived electrical resistivity
MSCL-W based resistivity data at this site are generally low (<4 Ωm), but there are regions of high resistivity at ~37 mbsf (5-30 Ωm) and at 95 and 140 mbsf (10-20 Ωm). There is no obvious relationship with the discrete measurements of formation factor (Fig.  F25 versus Fig. F20) . Figure F1 . Bathymetric map, Site C0017. F8 . Plot of Na, Na/Cl, Mg, Ca, and K in pore water from Site C0017. Dashed lines indicate values in seawater as given in Table T6 . F9 . Plot of alkalinity, phosphate, ammonium, silicon (measured colorimetrically), and manganese in pore water from Site C0017. Note that values for ammonium that are labeled BD in Table T6 are plotted here as 0 µM. Figure F11 . Plot of B, Li, and Sr in pore water from Site C0017. Dashed lines indicate concentrations in seawater as given in Table T6 . 
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Notes: * = value was determined colorimetrically aboard ship, † = value was determined postcruise via ICP-OES. Volumes are crude approximates only. Na charge is the Na value that we calculate from charge balance based on Cl, Br, sulfate, alkalinity, Mg, K, and Ca balance. Bottom water values were calculated based on the chlorinity of samples from the uppermost ~1 mbsf from Sites C0014, C0015, and C0017 (n = 4) and assuming that the elements are in constant proportion to chloride; we also make the assumption that chlorinity and chloride are the same. BD = below detection limit, -= no data. Table T12 . Results of contamination tests using fluorescent microspheres, Site C0017. PFT = perfluorocarbon tracer. ND = not detected, NT = not tested. Table T13 . Cultivation experiment results for putative iron oxidizers, Site C0017. +++ = good growth (lots of cells), ++ = medium growth, + = little growth (a few cells), -= no growth. ND = no data. Table T14 . Average porosity, bulk density, grain density, thermal conductivity, and formation factor, Site C0017.
Error is the standard deviation of the average. 
